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1.0 INTRODUCTION AND SUMMARY 
1.1 Task I - Oxygen Sensing E l e c t r o d e  
The o b j e c t i v e  of  t h i s  t a s k  i s  t o  deve lop  a n  oxygen s e n s i n g  
e l e c t r o d e  t h a t  w i l l  g i v e  a l i n e a r  ( o r  a r easonab ly  c l o s e  t o  
l i n e a r )  r e sponse  t o  oxygen p a r t i a l  p r e s s u r e  i n  t h e  range  of 
approximate ly  5 t o  30 PSIA.  
g a t e d  i s  t h e  u s e  of  d i f f u s i o n  c o n t r o l l e d  e l e c t r o d e  r e a c t i o n  
rates. 
The i n i t i a l  approach be ing  inves t i . -  
During t h e  second q u a r t e r  t h e  fo l lowing  phases  of  t h i s  
t a s k  were accomplished: 
1. A complete  set  of p o l a r i z a t i o n  s t u d i e s  were made on 
Sleven  dua l  test  e l e c t r o d e s  a t  0 ,  5, 10, 15 ,  20, 25, 
and 30 PSIA oxygen p r e s s u r e  a t  room temperature .  
2. The more promising e l e c t r o d e s  were e v a l u a t e d  over  t h e  
tempera ture  r ange  of - 1 O O C  t o  35OC. 
1 .2  Task I1 - Oxygen Recombination E l e c t r o d e  
The o b j e c t i v e  of  t h i s  t a s k  i s  t o  se lec t  an  oxygen recombin- 
a t i o n  e l e c t r o d e  capab le  of  recombining t h e  oxygen gene ra t ed  by 
t h e  p o s i t i v e  p l a t e  du r ing  charg ing .  This  e l e c t r o d e  must be a b l e  
t o  f u n c t i o n  over  t h e  tempera ture  range  of -2OOC t o  +4OoC. 
S e l e c t i o n  o f  e l e c t r o d e s  w i l l  be  based upon t h e i r  p o l a r i z a t i o n  
c h a r a c t e r i s t i c s .  
During t h e  second q u a r t e r  t h e  fo l lowing  phases  o f  t h i s  t a s k  
were accomplished: 
1. T e s t  c e l l s  f o r  t h e  c h a r a c t e r i z a t i o n  of  e l e c t r o d e s  were 
modif ied t o  improve h e a t  t r a n s f e r  between t h e  working 
e l e c t r o d e s  and t h e  atmosphere.  
1. 
2. The a b i l i t y  of  our  e l e c t r o d e  f a b r i c a t i o n  p rocess  t o  pro-  
duce e l e c t r o d e s  of  c o n s i s t e n t  q u a l i t y  h a s  been demonstrated.  
The e f f e c t  o f  "ageing" on t h e  performance o f  e l e c t r o d e s  
h a s  been i n v e s t i g a t e d ,  and no s i g n i f i c a n t  e f f e c t s  have been 
observed.  
3 .  
4 .  The performance of a number of  f u e l  c e l l  e l e c t r o d e s  have 
been i n v e s t i g a t e d .  E l e c t r o d e s  developed i n  t h i s  program 
o f f e r  t h e  b e s t  performance. 
1.3 Task 111 - Negat ive P l a t e  Evalua t ion  
The o b j e c t i v e  of t h i s  t a s k  i s  t o  se lec t  s u i t a b l e  l o t s  of  nega- 
t i v e  p l a t e  f o r  u se  i n  p ro to type  and f i n a l  c e l l  assembly. Lo t s  w i l l  
be  s e l e c t e d  upon t h e i r  recombinat ion a b i l i t y  and ampere-hour 
s t a b i l i t y  . 
During t h e  second q u a r t e r  t h r e e  l o t s  o f  n e g a t i v e  p l a t e  were 
r e c e i v e d  from manufactur ing and eva lua ted .  The l o t  w i th  t h e  b e s t  
ba l ance  of  p r o p e r t i e s  has  been r e t a i n e d  f o r  u s e  i n  t h e  c o n s t r u c t i o n  
of  p r o t o t y p e  and f i n a l  c e l l s .  
1.4 Task I V  - Assembly of P l a t e  Packs w i t h  Recombination E l e c t r o d e s  
The o b j e c t i v e  of  t h i s  t a s k  i s  t o  apply  t h e  r e s u l t s  of  Task I1 
and assemble p l a t e  packs with recombina t ion  e l e c t r o d e s  f o r  u s e  i n  
p r o t o t y p e  ce l l s .  During t h i s  q u a r t e r  t h e  p l a t e  w a s  formed, and t h e  
packs ,  recombinat ion e l e c t r o d e s ,  and s e p a r a t o r  were s e n t  t o  t h e  
Research and Development Center t o  b e  used i n  assembly of  p r o t o t y p e  
ce l l s .  
2. 
2.0 TECHNICAL DISCUSSION 
2.1 Task I - Oxygen Sens ing  E l e c t r o d e  
2.1.1 Experimental  D e t a i l s  
The equipment and t e s t  ce l l s  were d e s c r i b e d  i n  d e t a i l  
i n  t h e  f i r s t  q u a r t e r l y  r e p o r t  and have n o t  been changed. 
In  t h e  tes ts  i t  was not  necessa ry  t o  u s e  t h e  oxygen p r e s -  
2.1.2 
s u r e  r e g u l a t i n g  system, as t h e  p o l a r i z a t i o n  d a t a  could  be 
taken  ove r  a s h o r t  pe r iod  o f  t i m e  d u r i n g  which t h e  oxygen 
p r e s s u r e  i n  t h e  t es t  c e l l  remains c o n s t a n t .  The p r e s s u r e  
r e g u l a t i n g  equipment w i l l  be  used i n  long t e r m  s t u d i e s  and 
r e sponse  tes ts .  
The p o l a r i z a t i o n  t es t  c o n s i S t s  of measuring t h e  cu r -  
r e n t  and v o l t a g e  of  t h e  sens ing  e l e c t r o d e  connected through 
a known load  r e s i s t a n c e  t o  a charged cadmium e l e c t r o d e .  A 
p o l a r i z a t i o n  cu rve  i s  r u n  f o r  each oxygen p r e s s u r e .  The 
performance of  t h e  e l e c t r o d e  a t  c o n s t a n t  oxygen p r e s s u r e  i s  
of  importance o n l y  wi th  r e s p e c t  t o  t h e  s t a b i l i t y  of  t h e  
e l e c t r o d e  r e sponse  under a f i x e d  load .  Data c o l l e c t e d  
under c o n s t a n t  l oad  v e r s u s  oxygen p r e s s u r e  i s  needed t o  
o b t a i n  t h e  s i g n a l  response  of  t h e  e l e c t r o d e .  
R e s u l t s  and Discuss ion  
Details o f  t h e  e l e c t r o d e s  e v a l u a t e d  are p r e s e n t e d  i n  
Table  I. 
e l e c t r o d e s  of  a l l  e leven  materials were t e s t e d .  
Large (9.8 c m 2  area) and s m a l l  (0.85 cm2 a r e a )  
Typ ica l  p o l a r i z a t i o n  cu rves  a re  shown i n  F i g u r e  1. 
The cu rves  are f o r  t h e  l a r g e  e l e c t r o d e  made of  a porous 
n i c k e l  s u b s t r a t e  covered wi th  a one m i l  t h i c k  Te f lon  
f i l m .  Typ ica l  response  cu rves  are p resen ted  i n  F i g u r e s  2 
3 .  
through 6. A l l  d a t a  a r e  f o r  25OC. 
The d e s i r e d  response i s  an  e l e c t r o d e  s i g n a l  t h a t  i s  
l i n e a r l y  r e l a t e d  t o  t h e  oxygen p r e s s u r e  i n  t h e  c e l l .  
Some types  of non- l inear  r e sponse  a r e  p o t e n t i a l l y  a lmost  
as u s e f u l ,  however. The r e sponse  shown i n  F igu re  2 i s  
n o t  u s e f u l  as a s i g n a l  g e n e r a t i n g  e l e c t r o d e  as t h e  s l o p e s  
of t h e  curves  are  too  shal low and they  f l a t t e n  o u t  a t  
h i g h e r  gas  p r e s s u r e s .  The responses  shown i n  F igu res  3 ,  
4 ,5 ,  and 6 a r e  u s e f u l ,  f o r  t h e  most p a r t ,  even i f  they  a r e  
n o t  l i n e a r .  
An a n a l y s i s  of t he  p l o t s  o f  t h e  s i g n a l  r e sponse  vs. 
oxygen p r e s s u r e  f o r  a l l  e l even  e l e c t r o d e  materials, a t  
25OC,  i s  p resen ted  i n  Table  11. The r e s u l t s  i n d i c a t e  t h a t  
a l l  of  t h e  s u b s t r a t e  m a t e r i a l s  are  p o t e n t i a l l y  u s e f u l  a s  
s i g n a l  e l e c t r o d e s  and  t h a t  t h e  f i l m  t h i c k n e s s  i s  c r i t i c a l  
t o  e l e c t r o d e  performance. The r e s u l t s  a l s o  g i v e  some 
i n d i c a t i o n  t h a t  t h e  t e s t  c e l l  c o n s t r u c t i o n  may a l s o  be  c r i t i -  
ca l .  Some of  t h e  f a i l u r e s  l i s t e d  i n  Table  I1 may be due t o  t h e  
c e l l  c o n s t r u c t i o n ,  a l though,  as f a r  as i s  known t h e  cons t ruc -  
t i o n  of  a l l  c e l l s  i s  very  s imi l a r .  
P o l a r i z a t i o n  runs  of  n i c k e l  mesh, n i c k e l  s i n t e r ,  and 
go ld  mesh e l e c t r o d e s  were performed a t  v a r i o u s  tempera tures .  
R e s u l t s  are p resen ted  i n  Table  111. The i n f l u e n c e  of temp- 
e r a t u r e  i s  shown g r a p h i c a l l y  i n  F igu res  7 and 8, i n  which 
t h e  s i g n a l  r e sponse  i s  p l o t t e d  a s  a f u n c t i o n  of  tempera ture  
a t  a f i x e d  p r e s s u r e .  
4 .  
TABLE I 















Nickel  S i n t e r  
Nicke l  S i n t e r  
Nickel  S i n t e r  
Nickel  Mesh 
Nickel  Mesh 




P l a t  inum-coa t ed 
Tantalum Mesh(3) 
Plat inum Coated 
Tan t a 1 um 
Mesh (4)  
FILM 
THICKNESS 
(1 ,2 )  
1 m i l  
0.5 m i l  
0 .25 m i l  
1 m i l  
0 .5  m i l  
0 .25  m i l  
1 m i l  
0 . 5  m i l  
0 .25  m i l  
1 m i l  
1 m i l  
SUBSTRATE 
DESCRIPTION 
0.020" porous n i c k e l  (nominal) 4-7 
micron po res ,  80% t o t a l  p o r o s i t y .  
Support :  E x m e t  5 N i  10-1/0.  General  
E l e c t r i c ,  G a i n e s v i l l e ,  F l o r i d a  
DO 
DO 
Exmet n i c k e l  mesh 5 N i  10-3/0.  
Exmet Corpora t ion ,  Tuckahoe, N . Y .  
DO 
DO 
100 X 100 s c r e e n  0.003" pure  gold 
w i r e .  Cold Roscoe Mfg. Co., 
So. Norwalk, Connect icu t  
DO 
DO 
0.010" expanded tan ta lum mesh one 
f a c e  covered w i t h  0.00025" b r i g h t  
p la t inum.  Anode s t o c k ,  Metal  and 
Con t ro l s ,  I n c . ,  A t t l e b o r o ,  Mass. 
0.0010" expanded tan ta lum mesh, two 
f a c e s  w i t h  0.00025" b r i g h t  p la t inum 
Anode s t o c k ,  Metal and Con t ro l s ,  I n c . ,  
A t t l e b o r o ,  Mass. 
NOTES TO TABLE I 
1. Fi lms  were Tef lon  sk ived  f i l m s ,  D i l e c t r i x  Corpora t ion ,  Farmingdale,  N.Y.  
2 .  F i lms  were a p p l i e d  as fo l lows:  
1 m i l  12,000 PSI  a t  672OF f o r  ca .  45 min. 
0 .5  m i l  8,000 P S I  a t  672'F f o r  ca .  60 min. 
6,000 - 8,000 PSI a t  672'F f o r  ca .  60 min. 0 .25 m i l  
A l l  e l e c t r o d e s  are  a i r  cooled under p r e s s u r e  t o  room tempera ture  
3 .  
4. 
Mesh approximates  Exmet 3/10 s t y l e .  
Mesh approximates  Exmet 3/10 s t y l e ,  bu t  i s  r ibbed  so t h a t  a d j a c e n t  s t r a n d s  a r e  
n o t  i n  same p l a n e .  
No d e s i g n a t i o n  g iven  by manufac turer .  
5. 
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SIGNAL ELECTRODE EVALUATION AT 25OC 
E l e c t r o d e  
Material 
N i  S i n t e r  
N i  S i n t e r  
N i  S i n t e r  
N i  Mesh 
N i  Mesh 
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(1) Skived  D i l e c t r i x  Te f lon  Shee t ,  s i n t e r e d  on t o  one s i d e  of e l e c t r o d e .  
( 2 )  R a t i n g  i s  as fo l lows :  
I A. Non-linear, n o t  s u i t a b l e  f o r  i n d i c a t o r  use.  
I B .  Non- l inear ,  curves upward, s u i t a b l e  f o r  i n d i c a t o r  use .  
C.  Sigmoid c u r v e s ,  not  s u i t a b l e  f o r  i n d i c a t o r  u s e  over  wide 
p r e s s u r e  r ange .  
D. E r r a t i c  behavior  on load.  
1 2 .  
TABLE 111 










S i z e  
9 . 8  
0.86 
9 . 8  
0.86 
9 . 8  
0 .86  
ELECTRODE 
Material of  
S u b s t r a t e  
Nickel  S i n t e r  
Nickel  S i n t e r  
Nickel  S i n t e r  
Nickel  S i n t e r  
Nicke l  Mesh 
Nicke l  Mesh 
Film 
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2 5  








3 5  
25 
3 5  




























Remarks (2 )  
Linear  t o  25 PSIA(4) 
Linear  




L inea r  
Curves Upward(3) 
Curves Upward(3) 
L inea r  t o  25 PSIA(4) 
Curves Upward(3) 
Curves Upward(3) 





L inea r  
L inea r  
L inea r  
T e s t  C e l l  F a i l e d ( 6 )  
L inea r  
L inea r  
L inea r  
L inea r  
NOTES TO TABLE 111 
1. Refe r  t o  Table  I 
2 .  
3.  Curve i n c r e a s e s  i n  s l o p e  wi th  i n c r e a s e  i n  oxygen p r e s s u r e .  
4 .  Curve f l a t t e n s  a t  h i g h e r  oxygen p r e s s u r e .  
5. Curve l i n e a r  0-20 PSIA, then curves upward. 
6. Nickel-cadmium p a r t  of tes t  c e l l  sho r t ed ,  f u r t h e r  tes ts  abandoned. 
Curves p l o t t e d  mA-signal e l e c t r o d e  t o  cadmium e l e c t r o d e  v s .  PSIA oxygen 0-30. 
13. 





















































































2.1.3 Ana lys i s  of  R e s u l t s  
I n  t h e  c e l l  t h e  s i g n a l  e l e c t r o d e  i s  coupled w i t h  a 
cadmium e l e c t r o d e .  Oxygen reacts a t  t h e  s i g n a l  e l e c t r o d e  
t o  form hydroxyl  ions  which s e r v e  t o  complete  t h e  c e l l  
react ion .  
02 + 2H20 + 4e  -40" 
2Cd + 40" __t 2Cd(OH)2 + 4e 
The ra te  of oxygen r e d u c t i o n  i s  a f u n c t i o n  of  t h e  
e l e c t r o d e  mater ia l  and t ends  t o  b e  p r o p o r t i o n a l  t o  e i t h e r  
t h e  area o f  t h e  e l e c t r o d e ,  t h e  i n t e r n a l  c e l l  impedance, 
t h e  e x t e r n a l  impedance, o r  t o  t h e  r a t e  of  d i f f u s i o n  of 
oxygen t o  t h e  e l e c t r o d e  s u r f a c e .  Any one of  t h e  f a c t o r s  
may be  c o n t r o l l i n g ;  t h u s ,  t h e  c u r r e n t  ob ta ined  from a s m a l l  
area e l e c t r o d e  i s  u s u a l l y  less than  t h a t  from a l a r g e r  area 
e l e c t r o d e  and, i n  f a c t ,  w i l l  be  p r o p o r t i o n a l  t o  t h e  e lec-  
t r o d e  area i f  a l l  t he  o t h e r  f a c t o r s  are non- l imi t ing .  
S ince  t h e  d e s i r e  i s  t o  produce an  e l e c t r o d e  t h a t  g i v e s  a 
c u r r e n t  p r o p o r t i o n a l  t o  t h e  p r e s s u r e  of  oxygen, i t  i s  
necessa ry  t h a t  t h e  e l e c t r o d e  c u r r e n t  be c o n t r o l l e d  by a 
p r e s s u r e  s e n s i t i v e  mechanism such as t h e  r a t e  of  d i f f u s i o n  
o f  oxygen t o  t h e  e l e c t r o d e .  
The d i f f u s i o n  ra te  of  oxygen through a f i l m  i n t o  a 
c l o s e d  volume i s  given by: 
r = k (P1-P2) A/d 
where r i s  t h e  r a t e  o f  d i f f u s i o n  
k i s  a c o n s t a n t  f o r  a g iven  f i l m  and tempera ture  
p i  i s  t h e  e x t e r n a l  p r e s s u r e  
P2 is  t h e  i n t e r n a l  p r e s s u r e  
A i s  the  f i l m  area 
d i s  the  f i l m  t h i c k n e s s  
16.  
The l i n e a r  response of an e l e c t r o d e  a r i ses  from i t s  
e f f e c t  on P The e l e c t r o d e  i s  under  d i f f u s i o n  c o n t r o l  
when a l l  of t h e  oxygen a r r i v i n g  a t  t h e  e l e c t r o d e  i s  re- 
a c t e d  immediately and P2 i s  reduced t o  v i r t u a l l y  zero.  
The re fo re ,  t h e  d i f f u s i o n  r a t e  and ,  hence,  t h e  e l e c t r o d e  
c u r r e n t  i s  p r o p o r t i o n a l  t o  P1. 
2' 
If t h e  i n t e r n a l  p l u s  e x t e r n a l  r e s i s t a n c e  is  too  
l a r g e ,  t h e  e l e c t r o d e  may show a l i n e a r  bu t  v e r y  f l a t  
response .  T h i s  i s  shown i n  F i g u r e  4 .  With an e x t e r n a l  
r e s i s t a n c e  of  500 ohms, t h e  cu rve  i s  l i n e a r  bu t  has  a 
s m a l l  s l ope .  With a d e c r e a s e  t o  200 ohms, a much s t e e p e r  
s l o p e  i s  obta ined .  I f  t h e  i n t e r n a l  r e s i s t a n c e  i s  too  
h igh ,  t h e  r e sponse  of t h e  e l e c t r o d e  may " s a t u r a t e "  a t  
some p r e s s u r e  and g ive  a f l a t  r e sponse  f o r  a l l  h igher  
p r e s s u r e s .  Th i s  i s  shown i n  F i g u r e  2. I f  t h e  e l e c t r o d e  
area is l a r g e ,  t h e  response  may be f l a t  s i n c e  t h e  load  
r e s i s t a n c e  cannot  be reduced t o  b r i n g  t h e  e l e c t r o d e  i n t o  
t h e  d i f f u s i o n  c o n t r o l l e d  s ta te .  T h i s  i s  a l s o  shown i n  
F i g u r e  2. 
The s imple  r e l a t i o n  between p r e s s u r e  and e l e c t r o d e  
r e sponse  ho lds  o n l y  t o  t h e  f i r s t  approximat ion ,  and i t  i s  
n o t  s u r p r i s i n g  t h a t  n o n - l i n e a r i t i e s  can and do occur  a t  
low load  r e s i s t a n c e  and h ighe r  g a s  p r e s s u r e s .  A s  long  as 
t h e  n o n - l i n e a r i t y  i s  p o s i t i v e ,  ( i . e . ,  t h e  response  i n c r e a s e s  
f a s t e r  than  t h e  p re s su re )  t h e  r e sponse  may be u s e f u l  f o r  
s i g n a l  purposes .  
17.  
2 . 2  Task I1 - Oxygen Recombination E l e c t r o d e  
2 . 2 . 1  Experimental  D e t a i l s  
The t e s t  c e l l s  descr ibed  i n  t h e  p rev ious  q u a r t e r l y  
r e p o r t  were modified i n  o r d e r  t o  f a c i l i t a t e  t he  removal of 
h e a t  genera ted  du r ing  c e l l  o p e r a t i o n .  The f a c t  t h a t  t h e  
h e a t  genera ted  may s i g n i f i c a n t l y  e f f e c t  t h e  r e s u l t s  i s  
i l l u s t r a t e d  i n  F igu re  9 .  I n  both cases ,  t h e  e l e c t r o d e s  
were assembled i n  t h e  c e l l s  i l l u s t r a t e d  i n  t h e  prev ious  
q u a r t e r l y  r e p o r t ,  and were i n s u l a t e d  from t h e  can w a l l  
by p l e x i g l a s s  f a c e  p l a t e s  and t h e  oxygen atmosphere.  
Curve A i s  €or  a c e l l  being ope ra t ed  i n  an ambient 
tempera ture  of -2OOC, whi le  curve  B w a s  ob ta ined  i n  an 
ambient of O W ,  Both e l e c t r o d e s  appear  t o  have improved 
performance (ice., lower p o l a r i z a t i o n )  a t  t h e  h i g h e r  
c u r r e n t  d e n s i t i e s .  T h i s  i s ,  of cour se ,  unreasonable ,  and so 
t h e  decreased  p o l a r i z a t i o n  must have been t h e  r e s u l t  of 
an i n c r e a s e  i n  t h e  temperature  of t h e  working e l e c t r o d e s .  
In  o r d e r  t o  minimize t h i s  h e a t i n g ,  i t  was necessary  
t o  provide  good thermal c o n t a c t  between t h e  working e l e c -  
t r o d e s  and can.  This  w a s  accomplished by welding t h e  
s i n t e r e d  n i c k e l  counter e l e c t r o d e  d i r e c t l y  t o  t h e  can w a l l  
and assembling t h e  c e l l  a s  shown i n  F igu re  10. 
The modif ied c e l l s  a l s o  c o n t a i n  thermocouples,  making 
i t  p o s s i b l e  t o  measure t h e  temperature  of t h e  t es t  e l e c -  
t r o d e  dur ing  ope ra t ion .  E lec t rode  tempera tures  measured t o  
d a t e  i n  t h e  modified c e l l s  a r e  only 2 t o  3OC above the  nominal 
ambient .  This  modest tempera ture  r i se  i s  i n s u f f i c i e n t  t o  
r e s u l t  i n  t h e  e f f e c t s  observed i n  t h e  p rev ious  c e l l s .  A l l  


















Recombination Electrode Test Cell Assembly 
20. 
2.2.2 Eva lua t ion  of Fuel  C e l l  E l e c t r o d e s  
P o l a r i z a t i o n  curves  were ob ta ined  on a v a r i e t y  of 
f u e l  c e l l  e l e c t r o d e s  i n  o r d e r  t o  de te rmine  t h e i r  s u i t a b i l -  
i t y  as recombinat ion e l e c t r o d e s .  Data were ob ta ined  a t  
25OC and -2OoC, us ing  t h e  t es t  ce l l s  d e s c r i b e d  above. 
The e l e c t r o d e s  eva lua ted  inc luded  Genera l  E l e c t r i c  
Research and Development Center  Type 511 and American 
Cyanamid Company Type E and LBB-3CG. 
a r e  p re sen ted  i n  F igu res  11 and 12. A s  can  be  seen ,  t h e  
25OC performance of  a l l  e l e c t r o d e s  eva lua ted  are  compar- 
a b l e .  A t  t h e  low temperature ,  however, t h e  improved elec- 
t r o d e s  developed i n  t h i s  program o f f e r  t h e  b e s t  performance. 
P o l a r i z a t i o n  cu rves  
2.2.3 E l e c t r o d e  Reproduc ib i l i t y  and S t a b i l i t y  
Two series o f  tes ts  were performed i n  o rde r  t o  d e t e r -  
mine whether our e l e c t r o d e  f a b r i c a t i o n  p rocess  would enab le  
us t o  produce e l e c t r o d e s  of c o n s i s t e n t  q u a l i t y .  
The f i r s t  t es t  s e r i e s  w a s  performed us ing  t h r e e  e lec-  
t r o d e s  from t h e  same l o t ,  p repared  du r ing  t h e  second week 
i n  October .  P o l a r i z a t i o n  cu rves  i l l u s t r a t i n g  t h e  range  i n  
performance observed a t  bo th  25OC and -2OOC are  shown i n  
F i g u r e  13. 
The second series compared t h e  performance of  e l e c t r o d e s  
prepared  i n  December wi th  those  prepared  i n  October.  Again 
t h e  r e s u l t s  were comparable, demonst ra t ing  t h a t  e l e c t r o d e s  
of  c o n s i s t e n t  q u a l i t y  can be  prepared  us ing  our p r e s e n t  
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An i n v e s t i g a t i o n  of t h e  s t a b i l i t y  of  recombina t ion  
e l e c t r o d e s  h a s  been performed. 
o f  de te rmining  t h e  i n i t i a l  performance of  t h e  e l e c t r o d e  
a t  bo th  2 5 O C  and -2OOC w i t h  25 PSLA oxygen p r e s s u r e .  
e l e c t r o d e s  were then  sub jec t ed  t o  s t o r a g e  a t  40°C under 
25 PSIA oxygen and the  -2OOC p o l a r i z a t i o n  checked a t  regu-  
lar i n t e r v a l s .  The high tempera ture  s t o r a g e  should  accel- 
e ra te  any degrada t ion  p rocess ,  and t h e  e x t e n t  t o  which 
t h e s e  p r o c e s s e s  a f f e c t  e l e c t r o d e  performance should  r e a d i l y  
be  seen  a t  - 2 O O C .  
The program c o n s i s t e d  
The 
The r e s u l t s  o f  one such tes t  are shown i n  F igu re  14. 
I n  t h i s  t e s t  t h e  e l e c t r o d e  w a s  s u b j e c t e d  t o  64 hours  o f  
s t o r a g e  a t  4OOC. The s l i g h t  s h i f t  i n  t h e  p o l a r i z a t i o n  cu rve  
i s  n o t  due t o  a change i n  t h e  t e s t  e l e c t r o d e ,  bu t  r a t h e r  a 
change i n  t h e  r e f e r e n c e  e l e c t r o d e  as a r e s u l t  of t h e  h igh  
t empera tu re  exposure.  The r e f e r e n c e  e l e c t r o d e s  used i n  
t h e s e  ce l l s  i s  a p i e c e  of p a r t i a l l y  charged p o s i t i v e  p l a t e ,  
and i t  i s  r easonab le  t o  expec t  t h e i r  s t a t e - o f - c h a r g e ,  and 
hence t h e i r  p o t e n t i a l ,  would be  a f f e c t e d  by such a h igh  
t empera tu re  s t o r a g e .  
I n  o r d e r  t o  demonstrate  t h i s ,  a "Normalized P o l a r i z a -  
t i o n "  may be  computed by s u b t r a c t i n g  t h e  open c i r c u i t  v o l -  
t a g e  from t h e  v o l t a g e  observed a t  each c u r r e n t .  Such normal- 
i z e d  p o l a r i z a t i o n  curves should  be  i d e n t i c a l  i f ,  indeed,  t h e  
s h i f t  i s  due t o  t h e  r e f e r e n c e  e l e c t r o d e .  Such normal ized  
cu rves  f o r  t h e  above experiment  are  p r e s e n t e d  i n  F igu re  1 5  
and t h e  cu rves  do superimpose. 
25. 
An . a d d i t i o n a l  t e s t  o f  e l e c t r o d e  s t a b i l i t y  w a s  performed 
wi th  a t o t a l  s t o r a g e  t i m e  of 144 hours .  The t es t  c e l l s  
were removed from t h e  h i g h  tempera ture  p e r i o d i c a l l y  and t h e i r  
-2OO p o l a r i z a t i o n s  were checked. R e s u l t s  of t h i s  test  a r e  
shown i n  F igu re  1 6 .  Again, t h e  cu rves  superimpose,  i n d i c a t -  
i n g  t h a t  t h e  h igh  tempera ture  s t o r a g e  does n o t  e f f e c t  e l e c -  
t r o d e  performance. 
26.  
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2 . 3  Task I11 - Negat ive P l a t e  Evalua t ion  
2 . 3 . 1  
Three l o t s  of  nega t ive  p l a t e  were r e c e i v e d  from manufac- 
t u r i n g  f o r  e v a l u a t i o n  of ampere-hour s t a b i l i t y  and oxygen 
recombinat ion a b i l i t y ,  A s u f f i c i e n t  number o f  p l a t e s  t o  
c o n s t r u c t  1 2  c e l l s  from each l o t  were c u t  t o  s i z e  and sub- 
j e c t e d  t o  s t anda rd  aerospace  format ion  c y c l e s ,  The p o s i t i v e  
p l a t e s  f o r  a l l  c e l l s  were taken  from one l o t ,  and were formed 
a long  wi th  t h e  n e g a t i v e s ,  The p l a t e s  were then washed f r e e  
of  e l e c t r o l y t e  and d r i e d ,  
P l a t e  packs of nominal 4AH c o n f i g u r a t i o n  were assembled, 
u s ing  s t anda rd  n;?n-woven nylon  s e p a r a t o r ,  S u f f i c i e n t  34% KOH 
e l e c t r o l y t e  w a s  added t o  produce semi-s ta rved  ce l l s .  The 
c e l l s  were f i t t e d  wi th  p r e s s u r e  gauges and s e a l e d  wi th  epoxy. 
I n  o rde r  t o  de te rmine  t h e  ampere-hour s t a b i l i t y  of  t h e  
p l a t e ,  a regime knawn t o  promote n e g a t i v e  p l a t e  f ad ing  w a s  
employed. The regime was as fo l lows:  
Temperature:  Room ambient  
Charge: 400 mA f o r  16  hour s  
Cischarge ,  4,O A t o  1.0 V 
Rest: 7 hours  
5 c y c l e s  p e r  week 
Cycl ing was cont inued u n t i l  t h e  d i s c h a r g e  c a p a c i t i e s  of  
t h e  ce l l s  s t a b i l i z e d .  r h i s  r e q u i r e d  16 t o  18 c y c l e s .  
The oxygen recombinat ion a b i l i t y  of  t h e  n e g a t i v e  p l a t e  
i s  determined by observ ing  t h e  s t eady  s t a t e  p r e s s u r e s  i n  a 
c e l l  a t  v a r i o u s  r a t e s  of  cvnt inuous  overcharge.  The over -  
cha rge  ra tes  emplayed w t r e  400 mA ( C / l O ) ,  500 mA ( C / 8 ) ,  and 
800 mA ( & / 5 j ,  ? h e  C / 5  overcharge  r a t e  i s  t h e  upper t h r e s h o l d  
30 
f o r  cont inuous  overcharging of s e a l e d  ce l l s  w i t h o u t  recom- 
b i n a t i o n  e l e c t r o d e s  and w a s  employed i n  t h i s  t es t  i n  o r d e r  
t o  i n c r e a s e  t h e  amount of  d a t a  a v a i l a b l e  f o r  u s e  i n  select-  
i n g  a s u i t a b l e  p l a t e  l o t .  
2.3.2 R e s u l t s  and Discussion 
The c a p a c i t y  ve r sus  c y c l e  d a t a  f o r  t h e  t h r e e  l o t s  
eva lua ted  are  p r e s e n t  i n  F igu re  17. A s  can be seen ,  two 
l o t s ,  6939 and 6979 behaved e s s e n t i a l l y  t h e  same. The 
t h i r d  l o t ,  8104, faded t o  a g r e a t e r  e x t e n t .  
I n  a d d i t i o n  t o  t h e  c y c l i n g  regime, t h e  e x t e n t  t o  
which n e g a t i v e  p l a t e s  f ade  i s  r e l a t e d  t o  t h e  s t a t e - o f - c h a r g e  
of  t h e  p l a t e  a t  t h e  t i m e  of c e l l  assembly,  t h e  h i g h e r  t h e  
s t a t e - o f - c h a r g e  t h e  less fad ing .  The d i f f e r e n c e ,  t h e r e f o r e ,  
between l o t  8104 and t h e  o t h e r s  may be  due t o  a d i f f e r e n c e  
i n  t h e  o r i g i n a l  s t a t e -o f -cha rge  of  t h e  p l a t e s .  
The p r e s s u r e s  developed i n  t h e  c e l l s  du r ing  t h e  
cont inuous  overcharge t e s t s  were i n  t h e  r anges  normally ob- 
s e rved  when charg ing  a t  t h e  rates employed. The p r e s s u r e s  
developed i n  t h e  l o t  6979 c e l l s  were, however, somewhat 
lower than  t h e  o t h e r s .  
Negat ive p l a t e  from l o t  6979 e x h i b i t e d  t h e  b e s t  ba l ance  
o f  p r o p e r t i e s  - Pow fad ing  and low cont inuous  overcharge  
p r e s s u r e s  - and has  been s e l e c t e d  f o r  u se  i n  p r o t o t y p e  and 





























3 . 0  WORK PLANNED FOR NEXT QUARTER 
3 . 1  Task I - Oxygen Sensing E lec t rode  
Phases t o  be completed du r ing  t h e  n e x t  q u a r t e r  i nc lude :  
1. Completion of temperature runs .  
2. Cons t ruc t ion  and t e s t  of s i g n a l  e l e c t r o d e  c e l l s  on a 
c y c l i c  b a s i s  a t  v a r i o u s  tempera tures .  I n  t h e s e  tes ts ,  
t h e  sens ing  e l e c t r o d e  w i l l  c u t  o f f  charge  and d i s c h a r g e  
of oxygen g e n e r a t i o n ;  t h e  p r e s s u r e  w i l l  be monitored. 
3 .  Design and i n i t i a l  c o n s t r u c t i o n  of t es t  c e l l s  w i t h  
both  a u x i l i a r y  e l e c t r o d e s .  
3 . 2  Task I1 - Oxygen Recombination E l e c t r o d e  
P ro to type  c e l l s  i n c o r p o r a t i n g  t h e s e  e l e c t r o d e s  w i l l  be 
cyc led  i n  o r d e r  t o  determine t h e  c a p a b i l i t y  of t h e s e  e l e c t r o d e s  
t o  ma in ta in  low oxygen p r e s s u r e s  up t o  t h e  end of charge  as a 
f u n c t i o n  of c i r c u i t  parameters ,  l o c a t i o n  w i t h i n  t h e  c e l l ,  and 
cha rg ing  c o n d i t i o n s .  Cycling w i l l  be conducted a t  t h r e e  temper- 
a t u r e s ,  -2OoC, 25OC, and 4OoC, and t h r e e  dep ths  of d i s c h a r g e ,  
25,  50, and 75%. 
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